Chronic itch is associated with increased stress, anxiety, and other mood disorders. In turn, stress and anxiety exacerbate itch, leading to a vicious cycle that affects patient behavior (scratching) and worsens disease prognosis and quality of life. This cycle persists across chronic itch conditions of different etiologies and even to some extent in healthy individuals, suggesting that the final common pathway for itch processing (the central nervous system) plays a major role in the relationship between itch and anxiety. Pharmacological and nonpharmacological treatments that reduce anxiety have shown promising anti-itch effects. Further research is needed to establish specific central mechanisms of the itch-anxiety cycle and provide new targets for treatment.
Introduction
Itch is a complex sensory phenomenon that incorporates discriminative, cognitive, motivational, and affective components. Recent studies have highlighted the importance of the affective dimension of itch. Chronic itch conditions are associated with higher rates of stress, anxiety, depression, and even suicidal ideation, leading to major deficits in quality of life (Ferm et al., 2010; Halvorsen et al., 2012; Matterne et al., 2013; Schneider et al., 2006; Silverberg et al., 2016) . In addition, psychological and emotional factors can modulate the perception of itch and affect treatment outcomes (Verhoeven et al., 2008) . While negative emotions can accompany any chronic disease, they take on a particular significance in the context of chronic itch because patient behavior (scratching) directly leads to worsening of the skin condition and perpetuation of itch (Bender et al., 2008; Hong et al., 2004; Iking et al., 2013; Kimura and Miyazawa, 1989) .
In particular, the interaction of pruritus, stress (the activation of the HPA axis), and anxiety (the subjective experience of fear or threat avoidance) (Shin and Liberzon, 2010) has important implications for patients. Chronic itch is associated with increased anxiety, and, in turn, anxiety and stress tend to exacerbate itch, leading to a vicious cycle not unlike the itch-scratch cycle. This review will examine the links between itch and anxiety, the impact of stress on itch perception, the role of the central nervous system in the itch-anxiety cycle, and potential interventions to break the cycle.
Itch in dermatological conditions is linked to anxiety
Pruritus is associated with many dermatological conditions, and dermatology outpatients with pruritus experience significantly more anxiety and lower quality of life than those with no pruritus (Marron et al., 2016) . In studies of patients with atopic dermatitis, the most common chronic inflammatory skin disease (Griffiths et al., 2017) , pruritus (and not Eczema Area and Severity Index or SCORing of Atopic Dermatitis) was correlated with state anxiety and stress susceptibility as measured by validated psychometric questionnaires Rasul et al., 2016) . Furthermore, when treatment with dupilumab, an interleukin-4 receptor-α inhibitor, reduced pruritus, atopic patients also reported improvements in anxiety and other psychological scores (Simpson et al., 2016) . A study of subjects with occupational hand eczema also found a high prevalence (20%) of anxiety symptoms, with itch being an explanatory variable (Boehm et al., 2012) .
Similarly, psoriasis patients with a high level of pruritus had significantly higher state and trait anxiety scores than those with a low level of pruritus (Remrod et al., 2015) , and psoriatic itch intensity was correlated with current level of psychological stress (Reich et al., 2010) and anxiety (Lesner et al., 2017) . Among plaque psoriasis patients with pruritus, severe pruritus was associated with higher anxiety and depression scores (Mrowietz et al., 2015) . After treatment with etanercept (a tumor necrosis factor inhibitor), a clinically meaningful reduction of pruritus was also associated with clinically meaningful improvements in anxiety, even after adjusting for overall disease severity. Associations between pruritus and anxiety have also been seen in other dermatological conditions like chronic urticaria (Zachariae et al., 2012) and lichen planus (Welz-Kubiak et al., 2017) .
Persistent pruritus after burn injury may also be associated with anxiety. In one study, itch severity and mental health scores were negatively correlated in patients with post-burn pruritus. Furthermore, the decrease in itch severity over time (1, 3, and 6 months after the injury) was correlated with improvements in mental health. This result was independent of the percent total burn surface area (McGarry et al., 2016) . The presence of post-burn pruritus has also been correlated with state anxiety, trait anxiety, and stress susceptibility (Willebrand et al., 2004) , though another study only found a non-significant (p = 0.07) correlation between post-burn pruritus and trait anxiety (Gauffin et al., 2015) .
Of course, dermatological conditions include many symptoms besides itch that can influence mental health. Several studies have suggested that chronic itch patients may feel stigmatization and social anxiety due to visible skin damage (Hrehorow et al., 2012; Schmid-Ott et al., 1999) . Interestingly, psoriasis and atopic dermatitis patients display higher levels of anxiety than patients with vitiligo, a disorder that produces highly visible areas of hypopigmentation on the skin but no somatosensory symptoms (Kossakowska et al., 2010; Noh et al., 2013) . Additionally, subjects with atopic dermatitis, prurigo nodularis, and chronic pruritus of other origin all reported a more negative body concept than healthy controls, despite the fact that subjects with chronic pruritus of other origin had very few scratch lesions (Stumpf et al., 2013b) . These results support the idea that itch per se is a major source of anxiety and negative emotions in pruritic dermatological disease.
Itch in systemic conditions is linked to anxiety
Less research has been done to investigate the link between pruritus and anxiety in systemic diseases. In end-stage kidney disease patients undergoing hemodialysis, the presence of chronic itch was associated with increased anxiety and decreased quality of life (Weiss et al., 2015) . For those hemodialysis patients with chronic itch, the level of anxiety, but not depression, was correlated with higher itch severity (Weiss et al., 2016) . Nalfurafine hydrochloride, a kappa opioid receptor agonist that has been approved for the treatment of uremic pruritus in Japan, also reduces state anxiety in these patients (Inui et al., 2012) .
Chronic itch has been associated with lower mental health scores in cholestatic liver disease (Cheung et al., 2016; Raszeja-Wyszomirska et al., 2015) and systemic sclerosis (Racine et al., 2016) . Pruritus also reduces emotional quality of life in HIV (Kaushik et al., 2014) and polycythemia vera (Siegel et al., 2013) . Additionally, among patients with polycythemia vera, those with aquagenic pruritus display significantly higher anxiety scores (Lelonek et al., 2017) . However, to our knowledge, no studies have yet specifically examined the link between itch and anxiety in those conditions.
Psychological stress exacerbates itch
Not only is itch associated with greater anxiety, but stress has also be shown to exacerbate itch, leading to a true itch-anxiety cycle. Many chronic itch patients report that psychological stress is a factor that aggravates their itch. This has been demonstrated in a wide variety of pruritic conditions: atopic dermatitis (71-81% of patients) (Wahlgren, 1991; Yosipovitch et al., 2002b) , psoriasis (55-71%) (Yosipovitch et al., 2000; Zachariae et al., 2004) , chronic idiopathic urticaria (25%) (Yosipovitch et al., 2002a) , lichen planus (43.2%) (Welz-Kubiak et al., 2017) , acne-related itch (31%) (Lim et al., 2008) , epidermolysis bullosa (63.7%) (Danial et al., 2015) , post-burn pruritus (57%) (Parnell et al., 2012) , small fiber neuropathy with itch (46%) (Brenaut et al., 2015) , uremic pruritus (19-38.8%) (Mistik et al., 2006; Zucker et al., 2003) , cholestatic itch (53.3%) (Huesmann et al., 2013) , and psychogenic itch (46%) (Misery et al., 2008) .
This effect has also been replicated experimentally. Viewing a standardized series of stressful images, such as a snake preparing to strike or a person being pulled from a burning building, increased itch severity in prurigo nodularis and lichen simplex chronicus patients (Kim et al., 2016a) . Healthy subjects also reported higher itch from histamine iontophoresis when negative ("tense, uptight, nervous") emotions were induced with violent film fragments compared to when positive emotions were induced with comedic film fragments (van Laarhoven et al., 2012) .
Stress can predispose susceptible individuals to an outbreak of chronic pruritus. In separate studies, 64% of AD patients and 72.5% of psoriasis patients reported that at least one stressful life event occurred in the month prior to itch exacerbation (Chrostowska-Plak et al., 2013; Reich et al., 2010) . In both cases, the retrospective degree of stress was significantly correlated with itch intensity. Similarly, most chronic urticaria patients reported a stressful life event within the six months preceding cutaneous symptoms (Berrino et al., 2006) , and many patients identify stress as a trigger in the progression of acute urticaria to chronic urticaria (Comert et al., 2013) . Stressful life events are also likely to occur in the months preceding the onset or worsening of pemphigus symptoms (Morell-Dubois et al., 2008) . In burn patients, early post-traumatic stress (measured 2 weeks after injury) was a significant predictor of itch intensity at 3, 12, and 24 months post-burn (Van Loey et al., 2008) .
A meta-analysis of cohort studies found a bidirectional association between psychological factors (including anxiety) and future atopic disorders as well as between atopic disorders and future poor mental health (Chida et al., 2008) . Additionally, a 10-year longitudinal study found that stress levels were linked with development of adultonset allergic rhinitis and asthma, and the authors suggested that development of atopic dermatitis may be similarly impacted by stress (Rod et al., 2012) . After the Great Hanshin Earthquake in Japan, individuals living in areas with greater damage experienced greater levels of stress and a concomitant increase in AD symptoms, including itching (Kodama et al., 1999) . Of the factors examined, which included discontinuation of medication, inconvenience in bathing, and inability to clean up living environment, subjective distress had the most impact on AD symptoms.
In some cases, termed functional itch disorder or psychogenic itch, chronic pruritus can be brought on by psychological factors without any identifiable somatic cause. This type of itch is typically associated with stress, major life events, or psychological disorders (Misery et al., 2008) , perhaps explaining why high rates of idiopathic itch (32-42%) have been reported in psychiatric inpatients (Kretzmer et al., 2008; Mazeh et al., 2008) . As in other conditions, itch severity in psychogenic pruritus negatively affects quality of life (Altunay et al., 2014) .
The links between stress, anxiety, and itch also exist in broader populations outside of specific pruritic diagnoses. A cohort study of generally healthy Japanese participants (Yamamoto et al., 2009 ), a longitudinal study of randomly selected German participants (Matterne et al., 2013) , cross-sectional surveys of American and Australian undergraduate students (Schut et al., 2016b; Stewart et al., 2017) , and a cross-sectional study of Norwegian adolescents (Halvorsen et al., 2009) all found significant associations between perceived anxiety or stress and itch.
In rodent models, a variety of chronic stressors appear to exacerbate the acute itch response. Mice subjected to 10 days of water avoidance stress, a model of psychological stress wherein mice must stay on a small platform to avoid falling into a pool of water, displayed increased scratching after injection of compound 48/80, a histaminergic pruritogen (Zhao et al., 2013) . A 9-day heterotypic chronic intermittent stress protocol, which included cold-restraint stress, water avoidance stress, and forced swim stress, led to increased scratching (but not painrelated behavior) after serotonin injection in rats (Peng et al., 2015) . Stress from morphine withdrawal in mice also led to a time-dependent enhanced scratching response to histamine, which corresponded with an increase in plasma corticosterone levels (Abe et al., 2015) . In contrast, when rats were subjected to acute forced swim stress (2-5 min, immediately following pruritogen injection), they displayed a reduced scratching response to serotonin (Spradley et al., 2012) . This type of acute stress-induced antinociception has been well studied in pain and appears to play a role in itch as well, perhaps by functioning as a distraction.
Stress, in combination with genetic or environmental predisposition, can also lead to chronic itch in mice that normally do not develop itch. NC/Nga mice normally develop scratch-induced, atopic-like skin lesions in conventional housing but not specific pathogen-free housing. However, when subjected to four weeks of water avoidance stress, NC/ Nga mice in specific pathogen-free housing also developed intense scratching and dermatitis (Amano et al., 2008) . BALB/c mice, which are not genetically predisposed to chronic itch, did not scratch under these stress conditions. In allergic contact dermatitis model mice, chronic social isolation stress led to an increase in scratching behavior and idiopathic dermatitis, appearing in areas distinct from the contact dermatitis site (Kitagaki et al., 2014) . Furthermore, for socially isolated mice, the itch-scratch response remained active long after the initial skin challenge. Only those mice that were primed with prolonged (60-day) allergic contact dermatitis developed idiopathic dermatitis during social isolation stress.
Cognitive modulation of itch and scratching behavior
It is well-established that cognition can have profound, bidirectional impacts on itch perception. For example, attentional focus to bodily sensations can heighten itch perception, while distraction (audiovisual stimuli, noise, or Stroop test) reduces itch (Leibovici et al., 2009; Stumpf et al., 2013a; van Laarhoven et al., 2010; Yamaguchi et al., 2001 ) in humans and mice. Faulty cognition may also increase subjective feelings of itch through the nocebo (or negative placebo) effect; when subjects have the expectation that itch will be severe, they may perceive higher levels of itch. Anxiety and stress have been implicated in the nocebo effect for pain hyperalgesia (Benedetti et al., 2006; Bjorkedal and Flaten, 2012; Staats et al., 2001; Woo, 2015) and may also play a role in nocebo itch. In one study of healthy subjects, both nocebo and placebo effects for itch were strongly correlated with worrying and negative affect (anxiety/depression) (Bartels et al., 2014) .
Related to nocebo itch is the phenomenon of contagious itch, which has been established in humans, monkeys (Feneran et al., 2013) , and very recently in mice (Yu et al., 2017) . Provoking cognition about itch via visual cues (for example, images of insects crawling on skin or allergic skin reactions) can induce itch and scratching, even in healthy observers. In particular, images of others scratching evoke scratching in response (Lloyd et al., 2013) . After watching itch-and scratch-related videos, healthy individuals reported correlated increases in both itch and anxiety (Ogden and Zoukas, 2009) . Subjects with AD were particularly susceptible to the effects of contagious itch, and scratching was directed to many different, non-eczematous locations on the body beyond the itch induction site (Papoiu et al., 2011) . While the exact causes of contagious itch are unknown, stress may play a role in contagious itch susceptibility, as in two reports of mass psychogenic itching and scratching that spread among elementary school students who were anxious about achievement tests (Halvorson et al., 2008; Robinson et al., 1984) .
In chronic itch, the cognitions or coping mechanisms that patients use to deal with anxiety and stress have major impacts on itch perception and scratching behavior. Resignation, low self-efficacy, or a lack of personal resilience may increase itch (Janowski et al., 2014) , while a sense of control and a "fight spirit" was associated with reduced pruritus intensity and less frequent itch Ograczyk et al., 2014; Ponarovsky et al., 2011) . When experiencing high levels of daily stressors, psoriasis patients reported more worrying and scratching. This cognitive and behavioral reactivity was correlated with increases in itch severity four weeks post-stress (Verhoeven et al., 2009 ). Furthermore, a regression and multiple mediation analysis revealed that, for AD subjects, the itch-scratch cycle was the major coping strategy that linked perceived stress with itch ratings (Schut et al., 2015) . This type of maladaptive coping may explain why the presence of anxiety disorder is associated with increased risk of lichen simplex chronicus, which develops from excessive scratching (Liao et al., 2014) .
Itch, autonomic nervous system, and hypothalamic-pituitaryadrenal axis function
The mechanisms behind the itch-anxiety cycle are still being explored. Physiological responses to stress are largely controlled by the autonomic nervous system (ANS) and the hypothalamic-pituitaryadrenal (HPA) axis, so we may expect that itch induces changes in these systems. Dysfunctions of the ANS and HPA axis have been reported in patients with some chronic itch conditions, but this evidence is mixed. One study found that AD subjects displayed consistently higher heart rates (indicative of increased sympathetic activity), but no differences in sympathetic or parasympathetic response to mental stress compared to healthy controls (Seiffert et al., 2005) . Other studies have found no differences in ANS function at baseline or following stress for patients with AD, psoriasis, or chronic urticaria compared to controls (BuskeKirschbaum et al., 2002; de Brouwer et al., 2014; Hashiro and Okumura, 1994) . While uremic patients displayed significantly decreased heart rate variability compared to controls, it was not correlated with pruritus severity (Zakrzewska-Pniewska and Jedras, 2001).
Vagal nerve stimulation, which activates the parasympathetic nervous system, in subjects without skin disease suppressed itch perception, but not flare, after histamine iontophoresis (Kirchner et al., 2002) . However, one study found increased vagal modulation of heart rate variability in atopic dermatitis patients compared to controls (Boettger et al., 2009) . Interestingly, subjects with atopic dermatitis showed rigid vagal tone in response to experimentally induced histamine itch and scratching by an investigator (Tran et al., 2010) .
Subjects with atopic dermatitis had normal baseline cortisol levels but displayed blunted cortisol response to psychosocial stress (BuskeKirschbaum et al., 2002) . High levels of daily stressors were associated with lower cortisol levels in psoriasis patients, again suggesting a blunted HPA axis response to stress . Additionally, psoriasis patients who reported that their psoriasis was triggered by stress had higher levels of worry, greater disease severity, and reduced cortisol response to an experimental stressor (Richards et al., 2005) . However, another study found similar baseline cortisol but increased cortisol response to stress in patients with psoriasis compared to patients with rheumatoid arthritis or healthy controls (de Brouwer et al., 2014) .
Itch and anxiety in the brain
The itch-anxiety cycle appears to exist for itch of all types: dermatological or systemic origin, histaminergic or nonhistaminergic transmission, and in chronic itch patients or healthy individuals with no pruritic disease. Therefore, it is likely that a key component of the itchanxiety cycle is the final common pathway for itch of all types: the brain. The brain's role in the affective components of pain has been explored previously (Han et al., 2015; Neugebauer, 2015) . Now, brain imaging and animal studies are providing evidence for the involvement of several anxiety-related structures in the processing of itch. Of course, a major caveat is that these brain areas are activated by many different types of stimulation. Further studies will need to assess whether activations are specifically correlated to anxiety or stress during itch.
The amygdala is the key brain region responsible for generating fear responses and anxiety (Shekhar et al., 2005) . Interestingly, amygdala and hippocampus activation appears to go hand-in-hand in most studies of itch, suggesting that the memory of previous itch experiences may be a significant factor in itch-related anxiety. Amygdala and hippocampus were activated in healthy subjects during histamine and/or cowhage itch and deactivated during scratching, particularly active scratching by the participant ( . One study found that the hippocampus was deactivated by scratching cowhage itch in healthy controls and chronic itch (atopic dermatitis, psoriasis, and uremic) patients (Mochizuki et al., 2015) . End-stage renal patients with itch had greater activation and increased gray matter density in the amygdala and hippocampus compared to healthy controls (Papoiu et al., 2014) . In patients with prurigo nodularis or lichen simplex chronicus, hippocampus activation was significantly increased during stress-induced pruritus (Kim et al., 2016a) .
The role of these structures in itch has also been demonstrated in a handful of animal studies. A manganese-enhanced MRI study found that the amygdala and hippocampus were significantly activated in a rat model of chronic itch compared to control rats (Jeong and Kang, 2015) . Amygdala and hippocampus were also activated during contagious itch in mice (Yu et al., 2017) . Finally, GABA A receptors in the central nucleus of the amygdala appear to play a major role in attenuating or enhancing acute and chronic itch in mice (Chen et al., 2016) . Subsets of amygdala neurons have been identified to respond to different types of appetitive or aversive sensory stimuli, such as foot shock, bitter or sweet tasting chemicals (quinine or sucrose), or olfactory cues (peanut oil) (Kim et al., 2016b; Kim et al., 2017; Xiu et al., 2014) . Because mice display aversion behavior in response to acute itch stimuli (Mu and Sun, 2017) , these types of studies could provide important information about the amygdala neurons and pathways that give negative emotional valence to itch.
Together with the amygdala, the anterior cingulate cortex (ACC) and insular cortex form the "fear network," which is active during both the acquisition and extinction of fear conditioning (Holzschneider and Mulert, 2011) . These areas are also commonly activated during itch and scratching. Histamine, cowhage, and electrically evoked itch all induce robust activation of the ACC and insula in healthy subjects (Mochizuki et al., 2009; Papoiu et al., 2012; Vierow et al., 2015) . The insula was also activated following visually evoked itch in healthy subjects (Holle et al., 2012; Mochizuki et al., 2013) . In AD subjects, activations in both ACC and insula were seen in during allergen-induced itch (Napadow et al., 2014) and also correlated with histamine itch intensity (Ishiuji et al., 2009 ). These areas also were significantly activated in uremic patients with chronic pruritus compared to healthy controls (Papoiu et al., 2014) . Interestingly, some studies report that scratching an itch resulted in activation of insula and ACC in healthy subjects (Mochizuki et al., 2015; Vierow et al., 2009 ) and a mixed chronic itch group (Mochizuki et al., 2015) , while another study found deactivations of ACC during active and passive scratching of itch in healthy subjects .
The midcingulate cortex (MCC) synthesizes signals about pain, threat, and negative affect in order to modulate anxiety via projections to the amygdala and to motivate behavioral responses (Okon-Singer et al., 2015; Shackman et al., 2011) . In a study of temperature-modulated allergen itch in AD subjects, increasing itch sensation was associated with MCC activation (Napadow et al., 2014) . Another study found significantly increased MCC activation during histamine-induced itch in healthy controls but not AD subjects (Schneider et al., 2008) . MCC was also activated during scratching an itch in both AD subjects and healthy controls (Mochizuki et al., 2015; Vierow et al., 2015) . This activation was correlated with pleasure ratings of scratching, and greater activation was seen in chronic itch patients than in healthy controls (Mochizuki et al., 2015) . Additionally, end-stage renal disease patients with chronic itch displayed increased MCC gray matter (Papoiu et al., 2014) . Taken together, these studies suggest that the MCC may play a role in motivating scratching behavior as a response to the stress of itch. If the MCC is involved in both the itch-anxiety cycle and itchscratch cycle, it could represent a promising target for treatment.
Finally, the prefrontal cortex (PFC) plays an important role in inhibition of fear, regulation of stress response, and perhaps modulation of chronic itch. While the medial PFC (mPFC) has direct, inhibitory connections with the amygdala (Maroun, 2013) , the dorsolateral PFC (dlPFC) provides indirect, top-down regulation of emotion via attention and cognition (Okon-Singer et al., 2015) . The dlPFC was activated during allergen-induced itch (Napadow et al., 2014) and histamine itch in atopic subjects, with dlPFC activation correlating to disease severity (Ishiuji et al., 2009) . A mixed chronic itch group also displayed increased activation of dorsomedial and lateral PFC during scratching an itch (Mochizuki et al., 2015) . The dlPFC was also a key area implicated in both nocebo itch (induced via saline pinprick that the subject believes contains an allergen) and placebo itch relief in atopic dermatitis (Bartels et al., 2016) . Few studies report significant PFC response to itch in healthy subjects. In contrast, studies have reported that mPFC was deactivated during combined histamine and cowhage itch (Papoiu et al., 2012) and during scratching cowhage itch in healthy controls . However, healthy subjects did display PFC activation following itch-inducing imagery (Mochizuki et al., 2013) . Of note, PFC may effect top-down regulation of itch-related anxiety by coordinating motor responses to scratch the itch. In most fMRI studies of itch, subjects are not allowed to actively scratch themselves.
The central mechanisms of the itch-anxiety cycle are still unclear. It has long been theorized that psychological stress can reduce the itch perception threshold (Cormia, 1952) . Additionally, sensitization of itchsignaling pathways is well established in the spinal cord (Davidson et al., 2012; Ikoma et al., 2004) and recently discovered in the ACC of rats with chronic itch (Zhang et al., 2016) , so it is plausible that itchsignaling neurons in the amygdala could also be sensitized. Stress is known to induce increased corticotropin-releasing factor (CRF) release into the hypothalamus, amygdala, and other brain areas. Over time, this CRF release leads to long-term synaptic plasticity that contributes to a heightened stress response and chronic anxiety (Kalin et al., 2016; Regev et al., 2012; Shekhar et al., 2005) . If chronic itch functions as a chronic stressor, it may cause sensitization of anxiety-related brain areas, leading to increased itch and anxiety over time. The enhanced contagious itch response seen in atopic dermatitis patients provides further support for this idea (Papoiu et al., 2011) .
Currently, most itch brain imaging studies are in healthy controls, and itch-related brain activity has not yet been studied in several major pruritic diseases, like psoriasis. Furthermore, there are few animal studies of brain activation during itch. Further studies could elucidate the pathways and neurotransmitters involved in this cycle.
Pharmacological and non-pharmacological treatments to target the itch-anxiety cycle
Several classes of drugs exert both anti-anxiety and anti-itch effects (Table 1) . Of these, antidepressants, such as selective serotonin reuptake inhibitors (SSRIs), are the most commonly used for chronic itch. Additionally, the tricyclic antidepressants doxepin and amitriptyline have been used orally and topically to treat itch because they exhibit significant antihistamine effects (Lee et al., 2017; Richelson, 1979) . Benzodiazepenes, typically used for acute anxiety attacks, are less studied in the context of itch but may also have beneficial effects. Finally, GABA analogs like gabapentin and pregabalin, which exhibit anti-anxiety effects (Houghton et al., 2017) , are now being used to treat chronic itch (Matsuda et al., 2016) . Thus far, GABA analogs have mostly been used for pruritus associated with systemic disease or neuropathy.
However, because many of these anti-anxiety drugs interfere with the balance of known itch mediators and neurotransmitters (e.g., serotonin and histamine), it is unclear to what extent these drugs reduce itch through peripheral mechanisms vs. alleviation of itch-related anxiety and/or depression. One study found that chronic itch patients with psychological factors were slightly (but not significantly) more likely to experience itch reduction from SSRI treatment than patients without psychological factors (Stander et al., 2009 ), but further research is needed. Ideally, treatments will be able to simultaneously target both parts of the itch-anxiety cycle.
In contrast, non-pharmacological treatments can have clear topdown effects on itch. A variety of psychological interventions can target Table 1 Examples of anti-anxiety drugs that exhibit anti-pruritic effects. Drug Prospective, randomized, doubleblind, placebo-controlled crossover study 64% decrease in itch, 75% decrease in swelling Goldsobel et al. (1986) Cold urticaria 11 Randomized, double-blind, placebocontrolled crossover study Reduced itch in response to ice cube challenge Neittaanmaki et al. (1984) Chronic idiopathic urticaria 25/group Randomized, double-blind crossover study 43% of subjects experienced total clearing of hives and pruritus (5% with diphenhydramine treatment) Greene et al. (1985) Amitriptyline Randomized, double-blind, placebocontrolled crossover study No difference in total nocturnal scratching time or mean itch Ebata et al. (1998) (continued on next page) and Biobehavioral Reviews 87 (2018) 17-26 maladaptive itch-related cognitions, emotions, and behaviors. Habit reversal training, relaxation training, and cognitive behavioral therapy have shown success in treating some types of chronic itch. For an excellent recent review of these techniques, see (Schut et al., 2016a) . Noninvasive brain stimulation via repetitive transcranial magnetic stimulation (rTMS) or transcranial direct current stimulation (tDCS) may be another option to block the itch-anxiety cycle. A randomized, controlled clinical trial for low-frequency rTMS of the dlPFC found significant improvements for generalized anxiety disorder patients, including reduced worrying and better emotion regulation (Diefenbach et al., 2016a; Diefenbach et al., 2016b) . Noninvasive brain stimulation of motor cortex or dlPFC has also shown success for many types of chronic pain (O'Connell et al., 2014) . In particular, stimulation of dlPFC may alter pain perception by modulating pain-related cognitions and emotions, including anxiety (Borckardt et al., 2011; Hosseini Amiri et al., 2016; Maeoka et al., 2012) . Early results suggest that tDCS stimulation of the sensorimotor cortex can reduce itch perception (Knotkova et al., 2013; Nakagawa et al., 2016) . The effects of noninvasive brain stimulation on itch-related emotions have yet to be explored; however, the dlPFC may be a promising target due to its apparent role in processing chronic itch.
Conclusion
The vicious cycle of itch and anxiety plays a significant role in chronic itch intensity and progression. Many types of itch are associated with higher levels of anxiety; in turn, stress appears to exacerbate itch and scratching, perhaps by potentiating itch-related anxiety (Fig. 1) . Fortunately, there are many treatments that may break the itch-anxiety cycle. These treatments could be especially beneficial for those patients with psychogenic or idiopathic itch, excessive scratching, or itch that is unresponsive to first-line treatments. However, because stress and anxiety can play a role in any type of itch, understanding the itch-anxiety cycle and keeping it in check should be an important part of treatment for all chronic itch patients. Therefore, there is a pressing need for further work with animal models and human subjects to elucidate the neural mechanisms of this cycle and to provide specific targets for treatment. Fig. 1 . Itch and anxiety form a vicious cycle, which leads to increased itch perception and scratching behavior. Stress (including the stress of chronic itch) may lead to sensitization of neuronal pathways that exacerbates anxiety. Additionally, cognition can exert either positive or negative feedback within the cycle.
